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1
OPTIMIZED FAN DUTY CONTROL FOR
COMPUTING DEVICE

FIELD OF THE INVENTION

The disclosure relates generally to thermal management in
a computing device.

BACKGROUND

Computing devices such as personal computers, servers
and network devices are the backbone of information tech-
nology systems. The increased density of computing devices
(e.g., in a computer cluster) consumes more power and gen-
erates more heat. Thus, thermal management becomes criti-
cal for maintaining reliability of the computing devices.

Cooling fans have been used to lower a computing device’s
internal temperature by exhausting hot air from its chassis.
Compared with other cooling methods such as liquid cooling,
cooling fans are effective and easy to maintain. However, an
effective control of the cooling fan speed is required to keep
the internal temperature of a computing device within a pre-
ferred range. For example, an insufficiently low fan speed
results in poor air circulation and overheating of the comput-
ing device; conversely, an unnecessarily high fan speed
causes overcooling of the device and a waste of energy.

SUMMARY

The present technology provides an effective and reliable
control of a fan duty using factors such as a power loading
value provided by a power supply unit. A fan duty is the
volume of air to be moved by fan at a specified total pressure
(Pt). A fan duty may be, for example, measured in percentage
(%). The present technology can regulate a fan duty to change
afan speed as a fan duty is linearly proportional to a fan speed.
For example, a fan duty ranges from 0% to 100%, corre-
sponding to a fan speed varying from a minimum speed to a
maximum speed. A power loading value can indicate a level
of current flowing through the device, which is proportional
to the amount of heat dissipated by such device. By adjusting
a fan duty corresponding to the power loading value, the
present technology can maintain the computing device within
a predetermined temperature range to avoid overheating or
overcooling of the computing device.

According to some embodiments, the present technology
may use a service controller (e.g., a baseband management
controller) to determine a fan duty based at least on a power
loading value. According to some embodiments, a power
loading value, or power loading data, can be provided by the
power meter of a power supply unit.

According to some embodiments, the present technology
can determine a fan duty based on other factors, such as
temperature and history of heat dissipation, in addition to the
power loading value. One or more temperature sensors (e.g.,
thermal diode temperature sensors) can monitor one or more
temperatures of the computing device. Additionally, the heat
dissipation history of a computing device (e.g., a previous
heat pattern of the computing device over a selected period of
time) can be used to estimate peak hours of heat dissipation
and increase the fan duty accordingly during the peak hours.

According to some embodiments, the present technology
can utilize different fan control methods to control the fan
duty. Examples of the fan control methods include linear
voltage regulation, pulse width modulation (PWM), and soft-
ware control.
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2

Furthermore, the present technology can divide multiple
fans into several thermal zones that are each associated with
a separate fan duty. For example, computer fans in thermal
zone #1 can operate at one fan duty, and computer fans in
thermal zone #2 can operate at another fan duty.

Additionally, even though the present discussion uses fan
duty control as an example of to enable cooling in the com-
puting device, the present technology is conceptually appli-
cable to other cooling methods, e.g., flow speed control in
liquid cooling, or other cooling device control.

Additional features and advantages of the disclosure will
be set forth in the description which follows, and, in part, will
be obvious from the description, or can be learned by practice
of the herein disclosed principles. The features and advan-
tages of the disclosure can be realized and obtained by means
of'the instruments and combinations particularly pointed out
in the appended claims. These and other features of the dis-
closure will become more fully apparent from the following
description and appended claims, or can be learned by the
practice of the principles set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments or examples (“examples™) of the
invention are disclosed in the following detailed description
and the accompanying drawings:

FIG. 1 illustrates an example of the fan duty control sys-
tem, according to some embodiments;

FIG. 2 is ablock diagram illustrating an example of the fan
duty control system, according to some embodiments;

FIG. 3 is another block diagram illustrating another
example of the fan duty control system, according to some
embodiments;

FIG. 4 is a chart illustrating a correlation between a system
power loading value and a fan duty, according to some
embodiments;

FIG. 5 is an example flow diagram for the fan control
system, according to some embodiments;

FIG. 6 is another example flow diagram for the fan control
system, according to some embodiments; and

FIG. 7 illustrates an computing platform of a computing
device, according to some embodiments.

DETAILED DESCRIPTION

Various embodiments of the present technology are dis-
cussed in detail below. While specific implementations are
discussed, it should be understood that this is done for illus-
tration purposes only. A person skilled in the relevant art will
recognize that other components and configurations may be
used without departing from the spirit and scope of the
present technology.

A computing device is comprised of many heat-generating
components such as CPUs, GPUs, chipset, and hard disks. As
computing devices become more powerful and consume
more energy, more heat is generated, particularly around the
CPU or the hard disks. Excessive heat in the computing
device can cause not only system malfunctions, but also
physical damages to the computing components.

Cooling fans with variable fan speeds can blow colder air
into a chassis, thus exhausting excessive heat from the chassis
and lowering the temperature of computing devices in the
chassis. Conventionally, a cooling fan’s speed is linearly pro-
portional to measured temperatures of heat-generating com-
ponents such as a CPU. For example, a CPU with a high
temperature requires the high speed of a cooling fan to
remove the accumulated hot air.
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However, solely using the temperature to determine a fan
speed has several drawbacks. First, the delay in time from
initial detection of a demonstrated high temperature to the
gradual lowering of the temperature can be long enough to
cause system malfunctions. Second, a less-intelligent com-
puting device, such as a JBOD (traditionally called “Just a
Bunch of Disks”) or a switch, has few or zero internal tem-
perature sensors, rendering it difficult to properly adjust a
fan’s duty by an internal temperature.

For example, the hard disks of a JBOD are usually not
monitored by temperature sensors (e.g., thermal diode tem-
perature sensors). Instead, a JBOD system solely uses an
ambient temperature reading to determine a JBOD’s cooling
fan speed. As the ambient temperature reading fails to indi-
cate the hard disks’ actual temperature, it can result in either
overcooling or overheating of the hard disks.

Thus, there is a need to provide an effective control of the
cooling fan to optimize the thermal management of a com-
puting device.

The present technology discloses techniques that can
enable an effective and reliable control of the fan speed using
at least a power loading value provided by a power supply
unit. Power loading values, or power loading data, can indi-
cate a level of current flowing through the device, which is
generally proportional to the amount of heat dissipated by
such device. According to some embodiments, a power meter
of'a power supply unit can provide power loading values.

According to some embodiments, utilizing at least a power
loading value to determine a fan duty can eliminate the delay
orlatency in solely using temperature data to adjust a fan duty.
This is because an increased power loading value usually
happens before an increased temperature caused by the
increased power. Additionally, utilizing a power loading
value to determine a fan duty is particularly useful in a less-
intelligent computing device that is equipped with few or zero
temperature sensors, e.g., a JBOD.

According to some embodiments, the present technology
can use a service controller (e.g., a baseband management
controller) to determine a fan speed based at least on a power
loading value. A baseboard management controller (BMC) is
an independent and embedded microcontroller that, in some
embodiments, is responsible for the management and moni-
toring of the main CPU, firmware and operating system.
According to some embodiments, the BMC can monitor the
server’s hardware components by receiving data from sensors
installed in the chassis, e.g., fan speeds, CPU temperature,
power consumption level, etc.

According to some embodiments, besides the power load-
ing value, the present technology can determine a fan speed
based on other factors such as temperature, system power and
history of heat dissipation. For example, one or more tem-
perature sensors (e.g., thermal diode temperature sensors)
can monitor a temperature of the computing device and that
information can be used to determine the fan speed. For
example, the heat dissipation history of the computing device
including the past heat pattern over a selected period of time
can be used to predict heat-dissipation peak hours for the
computing device. Accordingly, the fan duty can be increased
during the peak hours.

According to some embodiments, the present technology
can utilize different fan control methods to control the fan
speed. Examples of the fan control methods include linear
voltage regulation, pulse width modulation (PWM), and soft-
ware control.

Additional features and advantages of the disclosure will
be set forth in the description which follows, and, in part, will
be obvious from the description, or can be learned by practice
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of the herein disclosed principles. The features and advan-
tages of the disclosure can be realized and obtained by means
of'the instruments and combinations particularly pointed out
in the appended claims. These and other features of the dis-
closure will become more apparent from the following
description and appended claims, or can be learned by the
practice of the principles set forth herein.

FIG. 1 illustrates an example of a fan duty control system
100, according to some embodiments. Fan duty control sys-
tem 100 can include a computing device 102 that includes the
following: a chassis 118, one or more CPUs 110 that can
generate a certain amount of heat, one or more other heat
generating components including hard disks, GPUs, chipsets
(e.g., 112, 114, and 116), and one or more cooling fans (e.g.,
104, 106 and 108). Examples of the computing device 102
include the following: a server, a switch, a storage device
(e.g., a JBOD), or a personal computer.

According to some embodiments, the one or more cooling
fans (e.g., 104, 106 and 108) can actively exhaust hot air from
chassis 118 in a front-to-back airflow, a side-to-side airflow,
or a back-to-front airflow. In a front-to-back airflow as shown
in FIG. 1, the one or more cooling fans (e.g., 104, 106 and
108) can pull hot air through chassis 118 to control the inter-
nal temperature within a predetermined range (e.g., 25° C. to
55° C.). The speed of pulling the hot air from chassis 118 can
depend on a selected fan duty and its corresponding fan speed.

Still referring to FIG. 1, various fan control mechanisms
can be used to adjust fan speeds based on several fan speed
factors that indicate the heat accumulated in chassis 118.
Typical fan control mechanisms include linear voltage regu-
lation, pulse width modulation (PWM), and software controls
that are well known to those of ordinary skill in the art.
Examples of the fan speed factors include: one or more power
loading values of computing device 102, one or more internal
temperature readings of chassis 118, one or more ambient
temperature readings, and a heat dissipation history of com-
puting device 102.

For example, a high power loading value (e.g., in watts)
indicates a high level of current flowing through one or more
components, such as CPU 110 and/or other heat generating
components such as 112, 114 and 116. As known in the art, a
high level of current can result in a high amount of heat
generated by computing device 112. Thus, based at least on a
high power loading value, fan duty control system 100 can
increase the fan duty of cooling fans (e.g., 104, 106 and 108)
to control the internal temperature within a predetermined
range (e.g., 25° C. to 55° C.).

According to some embodiments, a high internal tempera-
ture (e.g., a CPU die temperature, or a motherboard tempera-
ture) measured by a temperature sensor (e.g., a thermal diode
temperature sensor) can indicate that a substantial amount of
heat has accumulated in chassis 118. Thus, fan duty control
system 100 can accordingly increase the fan duty of one or
more cooling fans (e.g., 104, 106 and 108) to remove the
accumulated heat.

According to some embodiments, a heat dissipation his-
tory of computing device 102 can be used to determine a fan
duty of'the one or more cooling fans (e.g., 104, 106 and 108).
For instance, a power loading value record over a time period
(e.g., the past 30 days) could indicate computing device 102
consumes 30% more power from 8:00 p.m. to 10:00 p.m.
every day. Accordingly, cooling fan duty system 100 can
increase the fan duty from 8:00 p.m. to 10:00 p.m. by a
predetermined amount, with the expectation that more heat is
generated in chassis 118 during these peak hours.

According to some embodiments, fan duty control system
100 can divide chassis 118 into one or more cooling zones
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(not shown) for more precise control of the fan duty. For
example, a cooling zone with a higher internal temperature
can have a fan duty higher than another cooling zone with a
lower internal temperature. Additionally, the one or more
cooling fans (e.g., 104, 106 and 108) can be divided into
different fan groups according to a corresponding cooling
zone. According to some embodiments, based on the one or
more factors (e.g., a power loading value, a temperature)
associated with a specific cooling zone, fan duty of the dif-
ferent fan groups can be different.

FIG. 2 is a block diagram illustrating an example of a fan
duty control system 200, according to some embodiments. As
shown in FIG. 2, a computing device 202 can include the
following: at least one CPU (e.g., 204), one or more data
storage disks (e.g., 206, 208, or 210), a service controller 216
that can include a fan duty manager 218, a power supply unit
220 (PSU) that can include a power meter 228, and one or
more fan duty controllers (e.g., 222, 224, or 226)—each of
which can control a speed of a cooling fan (not shown).

According to some embodiments, service controller 216
can be an embedded and independent microprocessor thathas
an operating system (e.g., an [IPMI-compliant OS) different
from computing device 202 (e.g., LINUX). Service controller
216 can have a power supply separate from computing device
202. An example of service controller 216 is a baseboard
management controller (BMC). According to some embodi-
ments, service controller 216 can receive power loading data
associated with one or more heat generating components
(e.g., CPU 204, data storage 206, 208 or 210) from power
meter 228 of PSU 220. Based on the power loading data,
service controller 216 can, using fan duty manager 218, deter-
mine a fan duty for one or more cooling fans based on a
predetermined relationship between a system loading value
and a corresponding fan duty.

Additionally, the determined fan duty can correspond with
a fan duty command generated by service controller 216.
Examples of the fan duty command include a PWM signal,
having a duty cycle that is proportional to a level of fan power
(e.g., alow PWM duty cycle corresponds to a low fan power).
Furthermore, service controller 216 can cause the one or more
fans to operate at a fan speed corresponding to the fan duty by
transmitting the fan duty command to fan duty controllers
222,224, or 226. Furthermore, fan duty controllers 222, 224,
or 226 can adjust the fan speed according to the fan duty level
command.

According to some embodiments, fan duty controllers
(e.g., 222, 224 and 226) can send fan speed tachometer sig-
nals to service controller 216 to provide fan speed feedback.
The fan speed tachometer signals can indicate whether the
cooling fan is running and its speed.

According to some embodiments, utilizing power loading
data to determine a fan duty can eliminate the delay or latency
in relying solely on temperature to adjust a fan speed, because
an increased power loading value usually happens before an
increased temperature. Additionally, utilizing power loading
data to determine a fan duty is particularly useful in a less-
intelligent computing device that is equipped with few or zero
temperature sensors. FIG. 3 is a block diagram illustrating
another example of a fan duty control system 300, according
to some embodiments. As shown in FIG. 3, a computing
device 302 can include at least one CPU (e.g., 304), one or
more data storage disks (e.g., 306, 308, or 310), a service
controller 316 that can include a fan duty manager 318, a
power supply unit 320 (PSU) that can include a power meter
328, one or more temperature sensors (e.g., 312 and 314), and
one or more fan duty controllers (e.g., 322, 324, or 326), each
of which can control a speed of a cooling fan (not shown).
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According to some embodiments, service controller 316
(e.g., BMC) can receive at least one type of fan speed factor
data associated with one or more heat generating components
(e.g., CPU 304, data storage 306, 308 or 310). The type of fan
speed factor data include power loading data provided by
power meter 318 of PSU 320, temperature data provided by
temperature sensor 312 or 314 (e.g., thermal diode tempera-
ture sensor), a heat dissipation history provided by a historical
data storage (not shown), and other types of data that can be
used to decide a fan speed. Based in part on one type of speed
factor data, service controller 316 can, using fan duty manger
318, determine a fan duty for one or more cooling fans based
on a multi-factor calculation for estimating a fan duty. Addi-
tionally, the fan duty can correspond with a fan duty com-
mand. Examples of the fan duty command include a PWM
duty cycle that is proportional to a level of fan power (e.g., a
low PWM duty cycle corresponds to a low fan power). Fur-
thermore, service controller 316 can cause the one or more
fans to operate at a fan speed corresponding to the fan duty by
transmitting the fan duty command to fan duty controller 322,
324 or 326. Furthermore, fan duty controller 322, 324 or 326
can adjust the fan speed according to the fan duty command.

According to some embodiments, depending on the func-
tion of temperature sensor 312 or 314, temperature data can
be a CPU die temperature, an internal chassis temperature or
an ambient temperature.

FIG. 4 is a chart illustrating a relationship between a sys-
tem total loading measured in watts and a fan duty measured
in percentage, according to some embodiments. As shown in
FIG. 4, a system total loading is substantially linear to a fan
duty. For example, a system total loading of 200-400 watts
requires a fan duty of about 30% to maintain a temperature
within a predetermined range (e.g., 25° C. to 55° C.). A
system total loading of 400-600 watts requires a fan duty of
about 50%, while a system total loading of 600-800 watts
requires a fan duty of about 70%, a system total loading of
800-1000 watts requires a fan duty of about 90%, and a
system total loading of more than 1000 watts requires a fan
duty of about 100%. Other correlations or calculation models
that consider one or more fan speed factors can be used to
determine a fan duty.

FIG. 5 is an example flow diagram 500 for a fan duty
control system, according to some embodiments. It should be
understood that there can be additional, fewer, or alternative
steps performed in similar or alternative orders, or in parallel,
within the scope of the various embodiments unless otherwise
stated. At step 502, a service controller can receive power
loading data associated with a heat generating component.
For example, the power loading data can be provided by a
power meter of a power supply unit.

At step 504, the service controller can determine, based at
least in part on the power loading data, a fan duty associated
with one or more fans. For example, a power loading value
can relate to a corresponding fan duty based on a predeter-
mined linear relationship (e.g., a power loading data of 400-
600 watts requires a fan duty of about 50%).

At step 506, the service controller can cause the one or
more fans to operate at a fan speed corresponding to the fan
duty. For example, after determining the fan duty, the service
control can transmit a fan duty command to at least one fan
duty controller associated with the one or more fans, the fan
duty command being configured to indicate the fan duty.
According to some embodiments, the fan duty command can
be a PWM signal having a duty cycle that is proportional to a
fan duty. (e.g., a high PWM duty cycle corresponds to a high
fan duty level).
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FIG. 6 is another example flow diagram 600 for a fan duty
control system, according to some embodiments. It should be
understood that there can be additional, fewer, or alternative
steps performed in similar or alternative orders, or in parallel,
within the scope of the various embodiments unless otherwise
stated. At step 602, a service controller can receive several
types of fan speed factor data associated with multiple heat
generating components. For example, fan speed factor data
comprises at least one of power loading data provided by a
power supply unit, temperature data provided by one or more
temperature sensors, or a heat dissipation history provided by
a storage medium.

Atstep 604, the service controller can, based at least in part
on the one or more types of fan speed factor data, determine
a fan duty associated with one or more fans. For example, a
power loading value can relate to a corresponding fan duty
based on a predetermined linear relationship (e.g., a power
loading data of 400-600 watts requires a fan duty of about
50%).

At step 606, the service controller can cause the fans to
operate at a fan speed corresponding to the fan duty. For
example, after determining the fan duty, the service controller
can transmit a fan duty command to one fan duty controller
associated with the fans, the fan duty command being con-
figured to indicate the fan duty level. According to some
embodiments, the fan duty command can be a PWM having a
duty cycle thatis proportional to a fan duty. (e.g., ahigh PWM
duty cycle corresponds to a high fan duty level). Additionally,
according to some embodiments, each of the one or more fans
is located in one or more cooling zones of the computing
device, wherein each of the zones is configured to associate
with an individual fan duty.

FIG. 7 illustrates an example system architecture 700 for
implementing the systems and processes of FIGS. 1-6. Com-
puting platform 700 includes a bus 724 which interconnects
subsystems and devices, such as: service controller 702, pro-
cessor 704, storage device 714, system memory 726, a net-
work interface(s) 710, and a power supply unit 708. Processor
704 can be implemented with one or more central processing
units (“CPUs”), such as those manufactured by Intel® Cor-
poration—or one or more virtual processors—as well as any
combination of CPUs and virtual processors. Computing
platform 700 exchanges data representing inputs and outputs
via input-and-output devices input devices 706 and display
712, including, but not limited to: keyboards, mice, audio
inputs (e.g., speech-to-text devices), user interfaces, displays,
monitors, cursors, touch-sensitive displays, LCD or LED dis-
plays, and other 1/O-related devices.

According to some examples, computing architecture 700
performs specific operations by processor 704, executing one
or more sequences of one or more instructions stored in
system memory 726. Computing platform 700 can be imple-
mented as a server device or client device in a client-server
arrangement, peer-to-peer arrangement, or as any mobile
computing device, including smart phones and the like. Such
instructions or data may be read into system memory 726
from another computer readable medium, such as storage
device 714. In some examples, hard-wired circuitry may be
used in place of or in combination with software instructions
for implementation. Instructions may be embedded in soft-
ware or firmware. The term “computer readable medium”
refers to any tangible medium that participates in providing
instructions to processor 704 for execution. Such a medium
may take many forms, including, but not limited to, non-
volatile media and volatile media. Non-volatile media
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includes, for example, optical or magnetic disks and the like.
Volatile media includes dynamic memory, such as system
memory 726.
Common forms of computer readable media includes, for
example: floppy disk, flexible disk, hard disk, magnetic tape,
any other magnetic medium, CD-ROM, any other optical
medium, punch cards, paper tape, any other physical medium
with patterns of holes, RAM, PROM, EPROM, FLASH-
EPROM, any other memory chip or cartridge, or any other
medium from which a computer can read. Instructions may
further be transmitted or received using a transmission
medium. The term “transmission medium” may include any
tangible or intangible medium that is capable of storing,
encoding or carrying instructions for execution by the
machine, and includes digital or analog communications sig-
nals or other intangible medium to facilitate communication
of such instructions. Transmission media includes coaxial
cables, copper wire, and fiber optics, including wires that
comprise bus 724 for transmitting a computer data signal.
In the example shown, system memory 726 can include
various modules that include executable instructions to
implement functionalities described herein. In the example
shown, system memory 726 includes a log manager, a log
buffer, or a log repository—each can be configured to provide
one or more functions described herein.
Although the foregoing examples have been described in
some detail for purposes of clarity of understanding, the
above-described inventive techniques are not limited to the
details provided. There are many alternative ways of imple-
menting the above-described invention techniques. The dis-
closed examples are illustrative and not restrictive.
What is claimed is:
1. A method, comprising:
receiving, at a service controller of a computing device,
power loading data associated with at least one heat
generating component of the computing device;

determining a specific system loading range based at least
in part on the power loading data;
determining, based at least in part on the specific system
loading range, a predetermined fan duty associated with
one or more fans, the predetermined fan duty corre-
sponding to the specific system loading range; and

causing the one or more fans to operate at a fan speed
corresponding to the fan duty.

2. The method of claim 1, further comprising:

transmitting a fan duty command to at least one fan duty

controller associated with the one or more fans, the fan
duty command indicating the fan duty.

3. The method of claim 1, wherein the power loading data
is provided by a power meter associated with a power supply
unit that supplies power to the at least one heat generating
component.

4. The method of claim 1, wherein the power loading data
is linearly proportional to the fan duty, and the fan duty is
linearly proportional to the fan speed.

5. The method of claim 1, wherein each of the one or more
fans is located in a cooling zone of one or more cooling zones
of the computing device, and wherein the each of the one or
more fans operates at a fan duty that is associated with the
cooling zone of the one or more cooling zones.

6. The method of claim 1, wherein a fan duty manager
associated with the service controller operates to determine,
based at least in part on the power loading data, the fan duty
associated with the one or more fans.

7. The computer-implemented method of claim 1, wherein
the service controller is independent from a main CPU of the
computing device.
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8. The method of claim 1, wherein the specific system
loading range is one of a plurality of system loading ranges,
each of the plurality of system loading ranges corresponding
to a respective predetermined fan duty.

9. A system, comprising:

a processor; and

a memory device including instructions that, when

executed by the processor, cause the system to:

receive, at a service controller of a computing device,
one or more types of fan speed factor data associated
with at least one heat generating component of the
computing device, the one or more types of fan speed
factor data including power loading data provided by
a power supply unit and heat dissipation history data
provided by a storage medium;

determining a specific system loading range based at
least in part on the power loading data;

determine, based at least in part on the specific system
loading range and the heat dissipation history data, a
fan duty associated with one or more fans; and

cause the one or more fans to operate at a fan speed
corresponding to the fan duty.

10. The system of claim 9, wherein the one or more types
of fan speed factor data further comprises temperature data
provided by one or more temperature sensors.

11. The system of claim 9, wherein the power loading data
is linearly proportional to the fan duty, and the fan duty is
linearly proportional to the fan speed.

12. The system of claim 9, further comprising instructions
that, when executed by the processor, cause the system to:

transmit a fan duty command to at least one fan duty

controller associated with the one or more fans, the fan
duty command indicating the fan duty.

13. The system of claim 9, wherein each of the one or more
fans is located in a cooling zone of one or more cooling zones
of the computing device, and wherein the each of the one or
more fans operates at a fan duty that is associated with the
cooling zone of the one or more cooling zones.

14. The system of claim 9, wherein a fan duty manager
associated with the service controller operates to determine,
based at least in part on the one or more types of fan speed
factor data, a fan duty associated with one or more fans.
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15. The system of claim 9, wherein the service controller is
a baseboard management controller that is independent from
a main CPU of the computing device.

16. The system of claim 9, further comprising instructions
that, when executed by the processor, cause the system to:

receive, at the service controller, one or more feedback

signals provided by the one or more fans.

17. A non-transitory computer-readable storage medium
storing instructions, the instructions when executed by a pro-
cessor causing the processor to:

receive, at a service controller of a computing device, one

or more types of fan speed factor data associated with at
least one heat generating component of the computing
device, the one or more types of fan speed factor data
including power loading data provided by a power sup-
ply unit and heat dissipation history data provided by a
storage medium;

determine a specific system loading range based at least in

part on the power loading data;
determine, based at least in part on the specific system
loading range and the heat dissipation history data, a fan
duty, a fan duty associated with one or more fans; and

cause the one or more fans to operate at a fan speed corre-
sponding to the fan duty.

18. The non-transitory computer-readable storage medium
of claim 17, further comprising instructions, the instructions
when executed by a processor causing the processor to:

receive, at the service controller, one or more feedback

signals provided by the one or more fans.

19. The non-transitory computer-readable storage medium
of'claim 17, wherein the one or more types of fan speed factor
data further comprises temperature data provided by one or
more temperature sensors.

20. The non-transitory computer-readable storage medium
of claim 17, wherein each of the one or more fans is located in
a cooling zone of one or more cooling zones of the computing
device, and wherein the each of the one or more cooling fans
operates at a fan duty that is associated with the cooling zone
of'the one or more cooling zones.

21. The non-transitory computer-readable storage medium
of claim 17, wherein the heat dissipation history data com-
prises at least one heat dissipation peak time for the comput-
ing device.



